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DISPLACEMENT CORRECTION DEVICE

(57) An inspection point positional information acqui-
sition step (60) of acquiring thermal displacement posi-
tions of at least three inspection points set on a support
member (10); an approximate curve calculation step (52)
of calculating an approximate curve C of a deformed
shape of the support member (10) on the basis of the

MACHINE TOOL THERMAL DISPLACEMENT CORRECTION METHOD AND THERMAL

thermal displacement positions of the inspection points;
a correction value calculation step (53) of calculating a
correction value (Rz) for a command position of a mov-
able member (20) on the basis of the command position
and the approximate curve C; and a correction step (56)
of correcting the command position of the movable mem-

FIG. 2

ber (20) using the correction value Rz, are provided.
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Description
TECHNICAL FIELD

[0001] Theinvention relates to a thermal displacement
correction method and thermal displacement correction
device for a machine tool.

BACKGROUND ART

[0002] A machine tool uses a control device to control
the positions of drive axes to thereby machine a work-
piece. In machining using the machine tool, a support
member that supports a movable member may thermally
deform because of a thermal effect on the machine tool.
The thermal deformation of the support member influ-
ences the position of the movable member, so it may
lead to a decrease in working accuracy. Then, for exam-
ple, Patent Document 1 discloses a method of correcting
a command position in a drive axis by measuring the
inclination of a column with the use of a range sensor.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Patent Applica-
tion Publication No. 2009-184077

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] An existing thermal displacement correction
method is able to measure an inclination angle of the
column in the case where the column is inclined at a set
inclination angle from a proximal support portion. How-
ever, actually, the column is not inclined at a set inclina-
tion angle, so a thermal displacement deviation may oc-
cur even when the existing thermal displacement method
is applied.

[0005] The invention is contemplated in view of the
above problem, and it is an object of the invention to
provide a thermal displacement correction method and
thermal displacement correction device for a machine
tool, that are able to perform thermal displacement cor-
rection with further high accuracy.

MEANS FOR SOLVING THE PROBLEM

Thermal Displacement Correction Method for Machine
Tool

[0006] In order to solve the above problem, a feature
of the configuration of the invention of a thermal displace-
ment correction method for a machine tool according to
claim 1 is as follows.

A thermal displacement correction method for a machine

10

15

20

25

30

35

40

45

50

55

toolthatincludes a support member and a movable mem-
ber that is movably supported by the support member
and that moves with respect to the support member on
the basis of a command position includes:

an inspection point positional information acquisition
step of, after the support member is thermally de-
formed, acquiring thermal displacement positions of
at least three inspection points set on the support
member;

an approximate curve calculation step of calculating
an approximate curve of a deformed shape of the
support member after the support member is ther-
mally deformed on the basis of the thermal displace-
ment positions at the inspection points;

a correction value calculation step of calculating a
correction value for the command position on the
basis of the command position of the movable mem-
ber and the approximate curve; and

a correction step of correcting the command position
of the movable member using the correction value.

[0007] A feature of the configuration of the invention
according to claim 2 is such that, in claim 1,

the inspection point positional information acquisition
step includes:

an inclination variation acquisition step of acquiring incli-
nation variations of thermally-displaced inclinations of
the inspection points after the support member is ther-
mally deformed with respect to reference inclinations of
the inspection points before the support member is ther-
mally deformed;

athermal elongation acquisition step of acquiring thermal
elongations that are thermally-displaced lengths of the
support member from a reference position of the support
member to the inspection points after the support mem-
ber is thermally displaced with respect to reference
lengths of the support member from the reference posi-
tion to the inspection points before the support member
is thermally deformed; and

a thermal displacement position calculation step of cal-
culating the thermal displacement positions of the inspec-
tion points on the basis of the inclination variations and
the thermal elongations at the inspection points.

[0008] A feature of the configuration of the invention
according to claim 3 is such that, in claim 1,

the inspection point positional information acquisition
step includes:

a thermally-displaced inclination acquisition step of ac-
quiring thermally-displaced inclinations of the inspection
points after the support member is thermally deformed;
athermal elongation acquisition step of acquiring thermal
elongations that are thermally-displaced lengths of the
support member from a reference position of the support
member to the inspection points after the support mem-
ber is thermally displaced with respect to reference
lengths of the support member from the reference posi-
tion to the inspection points before the support member
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is thermally deformed; and

a thermal displacement position calculation step of pre-
setting displacement trajectories of the inspection points
from a state where the support member is not thermally
deformed in accordance with thermal deformation of the
support member and calculating the thermal displace-
ment positions of the inspection points on the basis of
the displacement trajectories and the acquired inclination
variations.

[0009] A feature of the configuration of the invention
according to claim 4 is such that, in claim 1, one of the
inspection points set on the support member is a support
point at which the support member is supported on a bed
of the machine tool.

[0010] A feature of the configuration of the invention
according to claim 5 is such that, in claim 2 or 3,

one of the inspection points set on the support member
is a support point at which the support member is sup-
ported on a bed of the machine tool, and

in the inclination variation acquisition step, the inclination
variation of the support point is acquired as a constant
value.

[0011] A feature of the configuration of the invention
according to claim 6 is such that, in any one of claims 2,
3 and 5, in the thermal elongation acquisition step, the
thermal elongations are acquired on the basis of temper-
atures of the support member, measured by temperature
sensors arranged at the inspection points.

[0012] A feature of the configuration of the invention
according to claim 7 is such that, in any one of claims 2,
3 and 5, in the thermal elongation acquisition step, the
thermal elongations are acquired on the basis of strain
amounts of the support member, measured by strain sen-
sors respectively arranged at the inspection points.
[0013] A feature of the configuration of the invention
according to claim 8 is such that, in any one of claims 2,
3 and 5, in the thermal elongation acquisition step, the
thermal elongations are acquired on the basis of distanc-
es to the inspection points, measured by range sensors
arranged on a bed of the machine tool.

[0014] A feature of the configuration of the invention
according to claim 9 is such that, in any one of claims 1
to 8, at least four or more of the inspection points are set
on the support member.

A feature of the configuration of the invention according
to claim 10 is such that, in any one of claims 1 to 9, in
the correction value calculation step, a correction value
for the command position in a drive axis vertical to a di-
rection in which the movable member moves is calculat-
ed.

A feature of the configuration of the invention according
to claim 11 is such that, in claim 10, in the correction
value calculation step, a correction value for the com-
mand position in a drive axis parallel to the direction in
which the movable member moves is further calculated.
[0015] A feature of the configuration of the invention
according to claim 12 is such that, in any one of claims
1 to 11, a thermal effect on the machine tool is a thermal
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effect on a sliding face of the support member due to
movement of the movable member. Thermal Displace-
ment Correction Device for Machine Tool

[0016] In order to solve the above problem, a feature
of the configuration of the invention of a thermal displace-
ment correction device for a machine tool according to
claim 13 is as follows.

A thermal displacement correction device for a machine
tool, that includes a support member and a movable
member that is movably supported by the support mem-
ber and that moves with respect to the support member
on the basis of a command position includes:

inspection point positional information acquisition
means for, after the support member is thermally de-
formed, acquiring thermal displacement positions of
at least three inspection points set on the support
member;

approximate curve calculation means for calculating
an approximate curve of a deformed shape of the
support member after the support member is ther-
mally deformed on the basis of the thermal displace-
ment positions at the inspection points;

correction value calculation means for calculating a
correction value for the command position on the
basis of the command position of the movable mem-
ber and the approximate curve; and

correction means for correcting the command posi-
tion of the movable member using the correction val-
ue.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0017] With the invention according to claim 1, the cor-
rection value calculated in the correction value calcula-
tion step is calculated from the command position of the
movable member, corresponding to an approximate
curve, by approximating a deformed shape at the time
when the support member is thermally deformed be-
cause of a thermal effect to the curve. In addition, the
supportmember that supports the movable member ther-
mally expands and deforms because of a thermal effect,
such as machining with the machine tool and a variation
in environment temperature.

[0018] Thatis, the at least three inspection points set
on the support member are displaced in accordance with
thermal deformation of the support member due to a ther-
mal effect. Then, in the invention, the deformed shape
of the support member is obtained as a curved shape on
the basis of the thermal displacement positions of the
inspection points. By so doing, in comparison with the
case where the deformed shape of the support member
is obtained as a linear shape, it is possible to further ac-
curately calculate a correction value corresponding to
the command position of the movable member supported
on the support member. Thus, it is possible to handle
various displacement conditions due to a thermal effect
on the machine tool and to perform thermal displacement
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correction with further high accuracy.

[0019] With the invention according to claim 2, the in-
spection point positional information acquisition step is
configured to include the thermal displacement position
calculation step in which the thermal displacement posi-
tions of the inspection points are calculated on the basis
of inclination variations and thermal elongations. That s,
in the inclination variation acquisition step, the inclination
variations are calculated on the basis of differences be-
tween the reference inclinations of the inspection points,
measured in an initial state before the support member
is thermally deformed and thermally-displaced inclina-
tions of the inspection points, measured in a deformed
state after the support member is thermally deformed
through machining with the machine tool. Here, the incli-
nations of the inspection points are, for example, meas-
ured by sensors, such as clinometers, arranged at the
inspection points. In the inclination variation acquisition
step, the inclination variations are acquired on the basis
of the thus measured reference inclinations and thermal-
ly-displaced inclinations of the inspection points.

[0020] In addition, the support member that supports
the movable member thermally expands and deforms
because of a thermal effect, such as machining with the
machine tool and a variation in environmenttemperature.
Atthis time, the length of the thermally-expanded support
member has changed by a thermal elongation based on
atemperature due to the thermal effect and the coefficient
of linear expansion of the material. Then, in the thermal
elongation acquisition step, the thermal elongations are
calculated on the basis of differences between the refer-
ence lengths from the reference position to the inspection
points, measured in an initial state of the support mem-
ber, and the thermally-displaced lengths from the refer-
ence position to the inspection points, measured in a de-
formed state of the support member. The thus calculated
and acquired inclination variations and thermal elonga-
tions have occurred as the support member is thermally
deformed because of a thermal effect on the machine
tool.

[0021] Inaddition, inthe thermal displacement position
calculation step, the inclination variations are approxi-
mated to displacement angles that indicate what direction
the inspection points are displaced. The displacement
angles are angles made between a horizontal plane and
straight lines that pass through inspection points before
and after displacement, for example, when the inclina-
tions are measured as inclinations with respect to the
horizontal plane. Then, it is possible to calculate what
direction and how much the inspection points are dis-
placed in accordance with thermal deformation of the
support member on the basis of the displacement angles
(variations in inclinations) and the acquired thermal elon-
gations of the inspection points. Then, with the above
configuration, it is possible to calculate the thermal dis-
placement positions of the inspection points further sim-
ply.

[0022] With the invention according to claim 3, the in-
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spection point positional information acquisition step is
configured to include the thermal displacement position
calculation step in which the thermal displacement posi-
tions of the inspection points are calculated on the basis
of displacement trajectories and thermally-displaced in-
clinations The displacement trajectories of the inspection
points are trajectories of the inspection points that are
displaced in accordance with thermal deformation of the
support member. As described above, the thermal elon-
gation of the support member varies with the coefficient
of linear expansion of the material. Therefore, deformed
shapes at peripheral portions around the set inspection
points may be estimated by the thermal elongations that
vary with the temperatures of those portions.

[0023] Then, the displacement trajectories of the in-
spection points in accordance with thermal deformation
of the peripheral portions are prestored for thermal elon-
gations. Then, in the inspection point positional informa-
tion acquisition step, displacement trajectories corre-
sponding to the thermal elongations acquired in the ther-
mal elongation acquisition step are acquired. Here, the
support member deforms in a curved shape because of
a thermal effect, so the displacement trajectory of each
inspection point also draws a curve similarly. Then, in
the thermal displacement position calculation step, posi-
tions, to which the acquired thermally-displaced inclina-
tions of the inspection points are tangent, on the acquired
displacement trajectories are obtained, and the tangent
points are calculated as the thermal displacement posi-
tions of the inspection points. By so doing, it is possible
to calculate the thermal displacement positions of the
inspection points with further high accuracy.

[0024] With the invention according to claim 4, one of
the inspection points set on the support member is a sup-
port point at which the support member is supported on
a bed of the machine tool. The support member is sup-
ported on the bed of the machine tool so as to be movable
or not movable. That is, when the support member is
deformed because of a thermal effect on the machine
tool, the support member is thermally deformed with ref-
erence to the support point at which the support member
is supported on the bed. Thus, the support point may be
set as the inspection point that is not displaced because
of a thermal effect. By so doing, in the inspection point
positional information acquisition step, it is possible to
easily acquire the thermal displacement position of the
inspection point that is the support point.

[0025] With the invention according to claim 5, one of
the inspection points set on the support member is a sup-
port point at which the support member is supported on
a bed of the machine tool. Then, the thermally-displaced
inclination at the support point is acquired as a constant
value. As described above, when the support member is
deformed, the support member is thermally deformed
with reference to the support point at which the support
member is supported on the bed. At this time, when the
support member is thermally deformed in a curved
shape, it may be assumed that the normal direction of
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the inspection pointon the curve thatis a deformed shape
does not change before and after thermal deformation.
By so doing, the thermally-displaced inclination at the
inspection pointthatis the support point may be regarded
as a constant value before and after the support member
is thermally deformed. Thus, the inclination variation ac-
quisition step or the thermally-displaced inclination ac-
quisition step may omit measurement of the thermally-
displaced inclination of the inspection point.

[0026] Withtheinvention according to claim 6, the ther-
mal elongation acquisition step is configured to detect
the thermal elongations on the basis of temperatures of
the support member, measured by temperature sensors
arranged at the inspection points. In addition, the support
member that supports the movable member thermally
expands and deforms because of a thermal effect, such
as machining with the machine tool and a variation in
environment temperature. At this time, the length of the
thermally-expanded support member has changed by a
thermal elongation based on a temperature due to the
thermal effect and the coefficient of linear expansion of
the material. That is, thermal deformation of the support
member is caused by thermal expansion of the support
member due to a thermal effect on the machine tool.
Then, the thermal elongation of the support member due
to thermal deformation is a value based on a temperature
and the coefficient of linear expansion of the material.
Then, for example, in the thermal elongation acquisition
step, the expansion characteristic of the support member
against a temperature, such as the coefficient of linear
expansion, is prestored. By so doing, the thermal elon-
gations of the support member may be calculated on the
basis of the temperatures measured by the temperature
sensors arranged at the inspection points.

[0027] Withtheinvention according to claim 7, the ther-
mal elongation acquisition step is configured to detect
the thermal elongations on the basis of strain amounts
of the support member, measured by strain sensors ar-
ranged at the inspection points. The strain sensors may
be, for example, strain gauges of which the internal re-
sistance values vary as the support member elongates
or contracts and that measure strain amounts on the ba-
sis of the variations in the resistance values. Then, in the
thermal elongation acquisition step, strain amounts re-
sulting from thermal deformation of the support member
are measured, and the thermal elongations of the support
member may be detected on the basis of the strain
amounts.

[0028] Withtheinvention according to claim 8, the ther-
mal elongation acquisition step is configured to detect
the thermal elongations on the basis of distances to the
inspection points, measured by range sensors arranged
on a bed of the machine tool. When the support member
is deformed because of a thermal effect on the machine
tool, the support member thermally deforms with refer-
ence to the bed on which the support member is support-
ed. That is, distances to the displaced inspection points
are measured by the range sensors arranged on the ref-
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erence bed to thereby make it possible to detect the ther-
mal elongations of the support member before and after
thermal deformation.

[0029] With the invention according to claim 9, at least
fouror more of the inspection points are set on the support
member. In the approximate curve calculation step, be-
cause the support member thermally deforms in a curved
shape, the approximate curve is calculated on the basis
of the thermal displacement positions of the atleast three
inspection points. In addition, when the approximate
curve calculation step is, for example, configured to cal-
culate the approximate curve through the method of least
squares, or the like, the approximate curve formed of a
curve of the second order may be calculated on the basis
of the four or more thermal displacement positions. By
so doing, the approximate curve that is further approxi-
mated to the deformed shape of the support member
may be calculated. Thus, an appropriate correction value
may be calculated, so it is possible to perform thermal
displacement correction with further high accuracy.
[0030] With the invention according to claim 10, the
correction value calculation step is configured to calcu-
late a correction value for the command position in a drive
axis vertical to a direction in which the movable member
moves. When the support member that supports the
movable member is deformed because of a thermal ef-
fect, the support member may be thermally deformed
such that the direction in which the movable member
moves is curved. In such a case, with the above config-
uration, in the correction step, the drive axis perpendic-
ular to a drive axis along which the movable member is
driven is set as a correction target, and the command
position along that drive axis may be corrected. In this
way, by incorporating the correction value, it is possible
to perform appropriate thermal displacement correction.
[0031] With the invention according to claim 11, the
correction value calculation step is configured to further
calculate a correction value in a drive axis parallel to the
direction in which the movable member moves. As de-
scribed above, when the support member is thermally
deformed such that the direction in which the movable
member moves is curved, it may be required to also cor-
rect the command position of the movable member. In
such a case, with the above configuration, in the correc-
tion step, the drive axis parallel to the direction in which
the movable member moves, that is, a drive axis along
which the movable member is driven, is set as a correc-
tion target, and the command position along that drive
axis may be corrected. In this way, by incorporating the
correction value, it is possible to perform appropriate
thermal displacement correction.

[0032] With the invention according to claim 12, a ther-
mal effect on the machine tool is a thermal effect on a
sliding face of the support member due to movement of
the movable member. The support member thermally ex-
pands and deforms because of a thermal effect, such as
machining with the machine tool and a variation in envi-
ronment temperature. Particularly, heat generation re-
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sulting from movement of the movable member support-
ed by the support member significantly influences ther-
mal deformation of the support member. Then, it is as-
sumed that a thermal effect on the machine tool may be
athermal effect on the sliding face of the support member
on which the movable member moves. By so doing, the
deformed shape of the support member may be approx-
imated to a curve using the sliding face. Thus, a correc-
tion value intended for the sliding face is calculated to
make it possible to perform further appropriate thermal
displacement correction.

[0033] With the invention according to claim 13, the
correction value calculated in the correction value calcu-
lation means is calculated from the command position of
the movable member, corresponding to an approximate
curve, by approximating a deformed shape at the time
when the support member is thermally deformed be-
cause of a thermal effect to the curve. In addition, the
supportmember that supports the movable member ther-
mally expands and deforms because of a thermal effect,
such as machining with the machine tool and a variation
in environment temperature.

[0034] That is, the at least three inspection points set
on the support member are displaced in accordance with
thermal deformation of the support member due to a ther-
mal effect. Then, in the invention, the deformed shape
of the support member is obtained as a curved shape on
the basis of the thermal displacement positions of the
inspection points. By so doing, in comparison with the
case where the deformed shape of the support member
is obtained as a linear shape, a correction value corre-
sponding to the command position of the movable mem-
ber supported on the support member may be further
accurately calculated. Thus, it is possible to handle var-
ious displacement conditions due to a thermal effect on
the machine tool and to perform thermal displacement
correction with further high accuracy.

[0035] Inaddition, the otherfeatures of the thermal dis-
placement correction method for a machine tool accord-
ing tothe invention may be similarly applied to the thermal
displacement correction device for a machine tool ac-
cording to the invention. Then, for advantageous effects
in this case as well, similar advantageous effects to those
of the thermal displacement correction method for a ma-
chine tool are obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036]

[FIG. 1] FIG. 1 is an overall view of a machine tool
1 according to a first embodiment.

[FIG. 2] FIG. 2 is a block diagram that shows a ther-
mal displacement correction device 50.

[FIG. 3]FIG. 3is aside view that shows a state where
a column 10 is deformed.

[FIG. 4] FIG. 4 is an explanatory view of calculation
of correction values.

10

15

20

25

30

35

40

45

50

55

[FIG. 5] FIG. 5 is a partially enlarged view of FIG. 4.
[FIG. 6] FIG. 6 is a block diagram that shows a ther-
mal displacement correction device 150 according
to a second embodiment.

[FIG. 7] FIG. 7 is an explanatory view of calculation
of correction values.

[FIG. 8] FIG. 8 is a partially enlarged view of FIG. 7.

MODES FOR CARRYING OUT THE INVENTION

[0037] Hereinafter, specific embodiments of the ther-
mal displacement correction method and thermal dis-
placement correction device for a machine tool according
to the invention will be described with reference to the
drawings. Description will be made by taking a three-axis
machining center as a machine tool, for example. That
is, the machine tool is a machine tool that has three linear
axes (X, Y and Z axes) perpendicular to one another as
drive axes.

First Embodiment

[0038] A thermal displacement correction device for a
machine tool 1 according to a first embodiment will be
described with reference to FIG. 1to FIG. 3. FIG. 1is an
overall view of the machine tool 1. FIG. 2 is a block dia-
gram that shows the thermal displacement correction de-
vice. FIG. 3 is a side view that shows a state where a
column is deformed.

Configuration of Machine Tool 1

[0039] AsshowninFIG. 1,the machine tool 1 includes
a bed 2, a column 10 (that corresponds to a "support
member" according to the invention), a saddle 20 (that
corresponds to a "movable member" according to the
invention), a headstock 30, a table 40 and a numerical
control device 50 (that corresponds to a "thermal dis-
placement correction device" according to the invention).
Rails are formed on the upper face of the bed 2 ina Z
axis direction (direction parallel to a floor surface). The
bed 2 is installed on the floor surface. A workpiece W is
a machined member that is machined by the machine
tool 1.

[0040] The column 10isasupport member thatis fixed
on the upper face of the bed 2 so as to be upright. The
column 10 supports the saddle 20. The column 10 de-
forms because of a thermal effect, such as machining
with the machine tool 1 and a variation in environment
temperature, so the thermal displacement correction de-
vice sets a thermal displacement of the saddle 20 in ac-
cordance with thermal deformation of the column 10 as
a correction target. Then, in the present embodiment, as
shown in FIG. 3, three inspection points Pa1, Pb1 and
Po are set on the column 10, and then thermal displace-
ment correction is performed on the basis of displace-
ment points Pa2, Pb2 and Po that are thermal displace-
ment positions of the inspection points as the column 10
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is thermally deformed.

[0041] The first inspection point Pa1 and the second
inspection point Pb1 are respectively set near the upper
portion and center portion of the column 10 in a Y axis
direction (direction vertical to the floor surface). In addi-
tion, the reference inspection point Po is set at a support
point at which the column 10 is supported on the bed 2
at the lower portion of the column 10 in the Y axis direc-
tion. The details of setting the inspection points and ther-
mal displacement correction will be described later.
[0042] In addition, the column 10 has a plurality of cli-
nometers 11 and a plurality of temperature sensors 12
inside and has rails 13 in order to perform thermal dis-
placement correction. The clinometers 11 are respec-
tively installed at two portions inside the column 10. The
two portions respectively correspond to the inspection
points Pa1 and Pb2 set on the column 10. The clinome-
ters 11 each detect the inclination angle of the column
10 at each installation portion, and outputs a signal cor-
responding to the inclination angle to the numerical con-
trol device 70 (described later).

[0043] The temperature sensors 12 are respectively
set at three portions inside the column 10. The three por-
tions respectively correspond to the arrangement por-
tions of the clinometers 11 and the reference inspection
point Po set on the column 10. The temperature sensors
12 each detect the temperature of the column 10 at each
installation portion, and outputs a signal corresponding
to the temperature to the numerical control device 70.
[0044] The rails 13 are formed so as to extend in the
Y axis direction on the side face of the column 10. The
saddle 20 is a movable member that is provided on the
rails 13 of the column 10 and that is movable in the Y
axis direction with respect to the column 10. The saddle
20 slides in the Y axis direction as a Y-axis motor (not
shown) fixed to the column 10 is driven for rotation. In
the present embodiment, the side face of the column 10,
on which the Y-axis rails 13 are formed, is set as a sliding
face 10a of the column 10, on which the saddle 20 slides.
In addition, the saddle 20 has a guide groove in an X axis
direction (direction parallel to the floor surface) on its side
face.

[0045] The headstock 30 is a slide that has a spindle
head 31, a rotary spindle 32 and a tool 33 and that is
movable in the X axis direction with respect to the saddle
20. The spindle head 31 has an X-axis rail, and is slidably
fitted to the guide groove of the saddle 20. Then, the
spindle head 31 moves the entire headstock 30 in the X
axis direction as an X-axis motor (not shown) fixed to the
saddle 20 is driven for rotation.

[0046] The rotary spindle 32 is provided so as to be
rotatable by a spindle motor accommodated in the hous-
ing of the spindle head 31, and supports the tool 33. The
tool 33 is fixed to the distal end of the rotary spindle 32
of the headstock 30. That is, the tool 33 rotates with the
rotation of the rotary spindle 32. Note that the tool 33 is,
for example, a drill, a tap, or the like. Thatis, the machine
tool 1 thatis the three-axis machining center is configured
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such that the tool 33 is movable in the X axis direction
and the Y axis direction with respect to the bed 2. Then,
the machine tool 1 is configured such that the workpiece
W is movable in the Z axis direction.

[0047] The table 40 is a slide that is provided on the
Z-axis rails of the bed 2 and that is movable in the Z axis
direction with respect to the bed 2. The table 40 moves
in the Z axis direction as a Z-axis motor (not shown) fixed
to the bed 2 is driven for rotation. In addition, a jig 41 is
provided on the table 40. The jig 41 fixes the workpiece
W at a predetermined position.

[0048] By so doing, the workpiece W moves in the Z
axis direction with respect to the bed 2 as the table 40
moves in the Z axis direction. In the above machine tool
1, the saddle 20, the headstock 30 and the table 40 are
controlled on the basis of command positions from the
control device 50 so as to move to the command posi-
tions. By so doing, the tool 33 is relatively moved with
respect to the workpiece W to machine the workpiece W.
[0049] The control device 50 controls the axis motors
and the spindle motor on the basis of NC data. In addition,
the control device 50 is the thermal displacement correc-
tion device that corrects a thermal displacement of each
portion of the column 10 due to a thermal effect on the
machine tool 1. Hereinafter, the configuration of a char-
acterizing portion of the invention in the control device
50 of the machine tool 1 will be described.

[0050] As shown in FIG. 2, the control device 50 has
a control unit 51, an approximate curve calculation unit
52, a correction value calculation unit 53, a correction
unit 54 and an inspection point positional information ac-
quisition unit 60. Here, the control unit 51, the approxi-
mate curve calculation unit 52, the correction value cal-
culation unit 53, the correction unit 54 and the inspection
point positional information acquisition unit 60 may be
respectively formed of individual pieces of hardware or
may be respectively implemented by pieces of software.
[0051] The control unit 51 controls the axis motors, the
spindle motor, and the like, on the basis of input NC data.
By so doing, the control device 50 controls the saddle
20, the headstock 30 and the table 40 such thatthe saddle
20, the headstock 30 and the table 40 move, and rela-
tively moves the tool 33 driven for rotation with respect
to the workpiece W to machine the workpiece W.
[0052] As described above, the control device 50 is the
thermal displacement correction device that corrects a
thermal displacement due to a thermal effect on the ma-
chine tool 1. That is, the control device 50 calculates cor-
rection values corresponding to a deformation of the col-
umn 10 due to a thermal effect on the machine tool 1,
and then corrects control executed by the control unit 51
over the axis motors, and the like, on the basis of the
correction values. Thus, high-accuracy machining is
achieved. Hereinafter, the "control device 50" is also re-
ferred to as the "thermal displacement correction device
50".

[0053] The inspection point positional information ac-
quisition unit 60 of the thermal displacement correction
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device 50 is inspection point positional information ac-
quisition means for acquiring the displacement points
Pa2, Pb2 and Po of the inspection points Pa1 Pb1 and
Po set on the column 10 after the column 10 is thermally
deformed. The inspection point positional information ac-
quisition unit 60 has an inclination variation acquisition
unit 61, a thermal elongation acquisition unit 62 and a
thermal displacement position calculation unit 63.
[0054] The inclination variation acquisition unit 61 is
inclination variation acquisition means for acquiring incli-
nation variations of the inspection points Pa1, Pb1 and
Po set at three portions on the column 10 before and
after the column 10 that is the support member is ther-
mally deformed. The inclination of the inspection point
Pa1 set near the upper portion of the column 10 and the
inclination of the inspection point Pb2 set near the center
portion of the column 10 are respectively measured by
the clinometers 11 set at the two portions.

[0055] By sodoing, the inclination variation acquisition
unit 61 measures the reference inclinations of the inspec-
tion points Pa1 and Pb1 before the column 10 is thermally
deformed. In addition, the inclination variation acquisition
unit 61 measures thermally-displaced inclinations of the
inspection points Pa1 and Pb1 after the column 10 is
thermally deformed. Then, the inclination variation ac-
quisition unit 61 acquires the inclination variations of the
inspection points Pa1 and Pb1 before and after thermal
deformation of the column 10 due to a thermal effect on
the machine tool 1 on the basis of the differences be-
tween the reference inclinations and the thermally-dis-
placed inclinations.

[0056] Here, when the column 10 deforms because of
a thermal effect on the machine tool 1, the column 10
thermally deforms with reference to the reference inspec-
tion pointPo, thatis, the support pointat which the column
10 is supported on the bed 2. At this time, when the col-
umn 10 is thermally deformed in a curve shape, it may
be assumed that the normal direction of the reference
inspection point Po on the curve that is a deformed shape
does not change before and after thermal deformation.
By so doing, the thermally-displaced inclination at the
reference inspection point Po set at the support point
may be assumed to be equal to the reference inclination
before the column 10 is thermally deformed. Then, the
inclination variation acquisition unit 61 acquires the ther-
mally-displaced inclination at the reference inspection
point Po set at the support point as a constant value.
[0057] The thermal elongation acquisition unit 62 is
thermal elongation acquisition means for detecting ther-
mal elongations of the column 10 deformed because of
a thermal effect on the machine tool 1. The thermal elon-
gations are thermally-displaced lengths of the support
member from the reference position of the column 10 to
the inspection points after the column 10 is thermally de-
formed with respect to reference lengths of the column
10 from the reference position to the inspection points
before the column 10 is thermally deformed. In addition,
the reference position of the column 10 is set at the sup-
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port point (reference inspection point Po).

[0058] Here, the column 10 that supports the saddle
20 that is the movable member thermally expands and
deforms because of a thermal effect on the machine tool
1. At this time, the length of the thermally-expanded col-
umn 10 has changed by a thermal elongation based on
atemperature due to the thermal effect and the coefficient
of linear expansion of the material. That is, the thermal
elongation of the column 10 due to thermal deformation
is a value based on a temperature and the coefficient of
linear expansion of the material. Then, the thermal elon-
gation acquisition unit 62 acquires values calculated on
the basis of temperatures measured at the inspection
points Pa1 Pb1 and Po and the coefficient of linear ex-
pansion of the column 10 as thermal elongations. The
expansion characteristic of the column 10 is the charac-
teristic of the column 10 against a temperature, such as
the coefficient of linear expansion prestored in the mem-
ory of the thermal displacement correction device 50.
[0059] The thermal displacement position calculation
unit 63 is thermal displacement position calculation
means for respectively calculating the thermal displace-
ment positions of the inspection points in accordance with
thermal deformation of the column 10 on the basis of the
inclination variations and thermal elongations of the in-
spection points. The three inspection points Pa1 Pb1 and
Po set on the column 10 are displaced in accordance
with thermal deformation of the column 10 due to a ther-
mal effect. By understanding the thermal displacement
positions of the inspection points, itis possible to estimate
the deformed shape of the column 10. Then, the thermal
displacement position calculation unit 63 calculates the
displacement points Pa2, Pb2 and Po that are the thermal
displacement positions of the inspection points on the
basis of the inclination variations and thermal elongations
of the inspection points. The amounts of the inclination
variations and thermal elongations vary in accordance
with thermal deformation of the column 10.

[0060] Here, as described above, the column 10 ther-
mally deforms with reference to the reference inspection
point Po at the time when the column 10 deforms because
of a thermal effect. Therefore, the displacement of the
reference inspection point Po may be zero even when
the column 10 is thermally deformed. Then, the thermal
displacement position calculation unit 63 assumes the
thermal displacement position of the reference inspec-
tion point Po through thermal deformation of the column
10 as the original reference inspection point Po. That is,
the reference inspection point Po and the displacement
point Po are the same position.

[0061] The approximate curve calculation unit 52 is ap-
proximate curve calculation means for calculating an ap-
proximate curve of the deformed shape of the column 10
after the column 10 is thermally deformed on the basis
of the thermal displacement positions of the inspection
points. Here, thermal displacement correction needs to
accurately understand the deformed shape of the column
10 deformed because of a thermal effect on the machine
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tool 1 in order to perform correction using further appro-
priate correction values. In addition, because the column
10 is thermally deformed in a curved shape, the thermal
displacement correction device 50 understands the de-
formed shape of the column 10 as an approximate curve.
By so doing, the thermal displacement correction device
50 calculates further appropriate correction values.
Then, the approximate curve calculation unit 52 calcu-
lates the approximate curve of the column 10 on the basis
of the displacement points Pa2, Pb2 and Po calculated
by the thermal displacement position calculation unit 63.
[0062] The correction value calculation unit 53 is cor-
rection value calculation means for calculating correction
values to the command values of the saddle 20 on the
basis of the command position of the saddle 20 that is
the movable member and the approximate curve. The
correction value calculation unit 53 calculates correction
values on the basis of the command position of the saddle
20 based on the command values from the control device
50 and the approximate curve calculated by the approx-
imate curve calculation unit 52. Here, the command val-
ues from the control device 50 are values that are output
in order for the control unit 51 to control the axis motors
on the basis of input NC data.

[0063] The correction unit 54 is correction means for
correcting the command position of the saddle 20 using
the calculated correction values. With the above config-
uration, for example, the Y-axis motor of the column 10
is controlled so as to be driven for rotation, and the saddle
20thatis the movable member moves to a predetermined
command position. Then, the correction value calculation
unit 53 associates the command position of the saddle
20 on the acquired approximate curve corresponding to
the deformed shape of the column 10. By so doing, it is
possible to estimate how much the portions of the column
10 at the command position are displaced through ther-
mal deformation. That is, the correction unit 54 corrects
the command position from the control device 50 using
the correction values calculated by the correction value
calculation unit 53 from the displacements of the above
portions.

Thermal Displacement Correction

[0064] Hereinafter, thermal displacement correction
over the machine tool 1 will be described with reference
to FIG. 3 to FIG. 5. FIG. 4 is an explanatory view of cal-
culation of correction values. FIG. 5is a partially enlarged
view of FIG. 4. In addition, thermal displacement correc-
tion in the present embodiment sets a thermal displace-
ment of the saddle 20 in accordance with thermal defor-
mation of the column 10 due to a thermal effect as a
correction target. Then, for the sake of easy description,
as shown in FIG. 3, it is assumed that the column 10
thermally deforms so as to warp back in the Z axis direc-
tion because of a thermal effect. In other words, within
deformation of the column 10 due to a thermal effect, a
thermal displacement associated with a deformed shape
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projected onto a Y-Z plane is set as a correction target.
Thus, thermal displacement correction is to calculate a
correction value in the drive axis (Z axis) vertical to the
direction in which the saddle 20 that is the movable mem-
ber moves (Y axis direction).

[0065] In addition, the column 10 thermally expands
and deforms because of a thermal effect, such as ma-
chining with the machine tool 1 and a variation in envi-
ronment temperature. Particularly, heat generation re-
sulting from movement of the saddle 20 supported by the
column 10 significantly influences deformation of the col-
umn 10. Then, it is assumed that a thermal effect on the
machine tool 1 is a thermal effect on the sliding face 10a
of the column 10 on which the saddle 20 moves. Thus,
the inspection points are set on the plane of the sliding
face 10a, and, in addition, an approximate curve C (de-
scribed later) is obtained by approximating the deformed
shape of the sliding face 10a to a curve.

[0066] First, setting of the inspection points will be de-
scribed. The inspection points set on the column 10 are
three portions, that is, a first inspection point Pa1, a sec-
ond inspection point Pb1 and a reference inspection point
Po. In the present embodiment, the inspection points are
set at equal intervals and are set such that the distance
from the uppermost firstinspection point Pa1 to the upper
end of the column 10 is about half the distance between
the inspection points. Thatis, in the presentembodiment,
because the three inspection points are set, the first in-
spection point Pa1 and the second inspection point Pb1
are respectively set at the heights of about 80 percent
and 40 percent with respect to the overall height of the
column 10 from the bed 2. In addition, as described
above, the reference inspection point Po is set at the
support point at which the column 10 is supported on the
bed 2.

[0067] Then, when the column 10 deforms because of
a thermal effect, the inspection points are displaced in
accordance with the thermal deformation as shown in
FIG. 3. The thermal displacement positions of the first
inspection point Pa1 and second inspection point Pb1
arerespectively afirst displacement point Pa2 and a sec-
ond displacement point Pb2. In addition, because the
displacement of the reference inspection point Po with
respect to the bed 2 is zero, the displacement point Po
is the same position. In addition, the temperature sensors
12 are respectively set at the inspection points, and, fur-
thermore, the clinometers 11 are respectively set at the
firstinspection point Pa1 and the second inspection point
Pb1. By so doing, the inclination and temperature of each
inspection point before and after the column 10 is ther-
mally deformed are measured.

[0068] Itis assumed that, while machining is performed
by the machine tool 1, the saddle 20 repeats movement
in the Y axis direction with respect to the column 10 to
cause the sliding face 10a of the column 10 to generate
heatand, therefore, the column 10 is thermally deformed.
In addition, calculation of the approximate curve C of the
deformed shape of the column 10 and correction values
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of the saddle 20 will be described with reference to FIG.
4 and FIG. 5 that simplistically show thermal deformation
of the sliding face 10a of the column 10.

[0069] First, in an inspection point positional informa-
tion acquisition step, thermal displacement positions of
the inspection points are acquired. Therefore, in an incli-
nation variation acquisition step, the inclination variations
of the inspection points are acquired. That is, the incli-
nation variation acquisition unit 61 of the inspection point
positional information acquisition unit 60 inputs the incli-
nation angles of the column 10 at the displacement points
Pa2 and Pb2 as thermally-displaced inclinations from the
clinometers 11. Then, the inclination variations of the in-
spection points are calculated on the basis of differences
from the reference inclination acquired before the column
10 is thermally deformed.

[0070] Specifically, first, before the column 10 is ther-
mally deformed, the inclination measured at the first in-
spection point Pa1 is acquired from the memory of the
thermal displacement correction device 50. Subsequent-
ly, the inclination o measured at the displacement point
Pa2 is input from the corresponding clinometer 11. In the
present embodiment, because the inclination before the
column 10 is thermally deformed is zero, the inclination
variation is equal to the inclination a.. Thus, as shown in
FIG. 5, the inclination variation a.is calculated as an angle
made with reference to a horizontal line. Note that the
inclination variation acquisition unit 61 constantly ac-
quires the inclination variation at the reference inspection
point Po as zero.

[0071] Subsequently, in a thermal elongation acquisi-
tion step, the thermal elongations of the column 10
through thermal deformation are detected. Therefore, the
thermal elongation acquisition unit 62 of the inspection
point positional information acquisition unit 60 inputs the
temperatures measured at the displacement points Pa2,
Pb2 and Po from the temperature sensors 12. Further-
more, the thermal elongation acquisition unit 62 acquires
the expansion characteristics of the inspection points of
the column 10, prestored in the memory of the thermal
displacement correction device 50. Then, as shown in
FIG. 4, the thermal elongation acquisition unit 62 detects
thermal elongations AHa and AHb between before and
after the column 10 is thermally deformed on the basis
of the temperatures and expansion characteristics of the
displacement points.

[0072] Subsequently, in a thermal displacement posi-
tion calculation step, the positions of the displacement
points Pa2, Pb2 and Po in accordance with thermal de-
formation of the column 10 are calculated. Therefore, the
thermal displacement position calculation unit 63 of the
inspection point positional information acquisition unit 60
calculates the displacement points Pa2, Pb2 and Po that
are thermal displacement positions of the inspection
points on the basis of the inclination variations and the
thermal elongations.

[0073] Here, the thermal displacement position calcu-
lation unit 63 approximates the above described inclina-
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tion variation a at the first inspection point to a displace-
ment angle 6 that indicates what direction the firstinspec-
tion point Pa1 is displaced. As shown in FIG. 5, the dis-
placementangle 6 is an angle made between a horizontal
line and a straight line that passes through the first in-
spection point Pa1l and the displacement point Pa2.
Then, the displacement AZa of the first inspection point
Pa1 in the Z direction is obtained on the basis of the
displacement angle 6 approximated by the inclination
variation o and the thermal elongation AHa of the first
inspection point Pa1. By so doing, the position of the
displacement point Pa2 is calculated. Similarly, the po-
sition of the displacement point Pb2 that is the thermal
displacement position of the second inspection point Pb1
is calculated.

[0074] Then,in an approximate curve calculation step,
the approximate curve C of the deformed shape of the
column 10 is calculated. That is, the approximate curve
calculation unit 52 calculates a curve of the second order
that passes through all the displacement points Pa2, Pb2
and Po that are the thermal displacement positions of
the inspection points. The approximate curve calculation
unit 52 sets the calculated curve of the second order as
the approximate curve C of the column 10.

[0075] Inacorrection value calculation step, correction
values for the command values of the saddle 20 are cal-
culated. Then, the correction value calculation unit 53
first acquires the command position Py of the saddle 20
based on the command values from the control device
50. Subsequently, the correction value calculation unit
53 associates the command position Py of the saddle 20
in the approximate curve C corresponding to the de-
formed shape of the column 10 to calculate a correction
value Rz. Then, in a correction step, the command posi-
tion is corrected by the correction value. That is, the cor-
rection unit 54 corrects the command position output from
the control unit 51 with the calculated correction value Rz.
[0076] By sodoing, forexample, the command position
for the table 40 is corrected, the workpiece W is further
moved by the correction amount Rzinthe Z axis direction,
and is machined at an appropriate machining position.
In this way, the thermal displacement correction device
50 sequentially corrects the thermal displacement of the
saddle 20 in accordance with thermal deformation of the
column 10 while the machine tool 1 is machined to take
measures against thermal fluctuations of the column 10
and a command position of the saddle 20 during machin-
ing to perform machining with high accuracy.

Advantageous Effects of Thermal Displacement Correc-
tion Device

[0077] Withthe above described thermal displacement
correction device 50 for the machine tool 1, correction
values calculated in the correction value calculation unit
53 are calculated from a command position of the saddle
20, corresponding to an approximate curve C, by approx-
imating a deformed shape at the time when the column
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10 is thermally deformed because of a thermal effect to
the curve. That is, the three inspection points Pa1, Pb1
and Po setonthe column 10 are displaced in accordance
with thermal deformation of the column 10 due to a ther-
mal effect. Then, the deformed shape of the column 10
is obtained as a curved shape on the basis of the incli-
nation variations and thermal elongations of the inspec-
tion points. By so doing, in comparison with the case
where the deformed shape of the column 10 is obtained
as a linear shape, correction values corresponding to a
command position of the saddle 20 supported on the col-
umn 10 may be further accurately calculated. Thus, it is
possible to handle various displacement conditions due
to a thermal effect on the machine tool 1 and to perform
thermal displacement correction with further high accu-
racy.

[0078] In addition, the thermal displacement position
calculation unit 63 of the inspection point positional in-
formation acquisition unit 60 calculates displacement
points Pa2 and Pb2 that are thermal displacement posi-
tions of the inspection points on the basis of inclination
variations and thermal elongations. That is, at the first
inspection point Pa1, the inclination variation a is calcu-
lated from the difference between the reference inclina-
tion and the thermally-displaced inclination that are re-
spectively measured before and after the column 10 is
thermally deformed. Then, the thermal displacement po-
sition calculation unit 63 approximates the variation o in
inclination to a displacement angle 0 that indicates what
direction the inspection point is displaced. It is possible
to calculate what direction and how much the inspection
point is displaced in accordance with deformation of the
column 10 from the displacement angle 6 (~ variation a
in inclination) and the detected thermal elongation of the
inspection point. In this way, the thermal displacement
positions Pa2 and Pb2 of the inspection points may be
calculated further simply.

[0079] Then, one of the inspection points set on the
column 10 is a support point at which the column 10 is
supported on the bed 2 of the machine tool 1. The column
10 is supported on the bed 2 of the machine tool 1 so as
to be not movable. That is, when the column 10 is de-
formed because of a thermal effect on the machine tool
1, the column 10 is thermally deformed with reference to
the support point at which the column 2 is supported on
the bed 2. Thus, the support point is set as the reference
inspection point Po that is not displaced because of a
thermal effect. By so doing, itis possible to simplify meas-
urement of the inclination and detection of the thermal
elongation at the reference inspection point Po thatis the
support point.

[0080] Furthermore, the inclination variation acquisi-
tion unit 61 acquires the thermally-displaced inclination
of the reference inspection point Po, that is the support
point set as the inspection point, as a constant value. As
described above, when the column 10 is thermally de-
formed, the column 10 is thermally deformed with refer-
ence to the support point at which the column 10 is sup-
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ported on the bed 2. At this time, when the column 10 is
thermally deformedin a curved shape, it may be assumed
that the normal direction of the reference inspection point
Poonthe curve thatis a deformed shape does notchange
before and after thermal deformation. By so doing, the
thermally-displaced inclination of the reference inspec-
tion point Po that is the support point may be regarded
as a constant value (zero) before and after the column
10 is thermally deformed. Thus, the inclination variation
acquisition unit 61 may omit measurement of the ther-
mally-displaced inclination of that inspection point.
[0081] The thermal elongation acquisition unit 62 de-
tects thermal elongations on the basis of the tempera-
tures of the column 10, respectively measured by the
temperature sensors 12 arranged at the inspection
points. In addition, thermal deformation of the column 10
is caused by thermal expansion of the column 10 due to
a thermal effect on the machine tool 1. Then, the thermal
elongation of the column 10 in accordance with the ther-
mal deformation is a value based on the temperature and
the coefficient of linear expansion of the material. Then,
the thermal elongation acquisition unit 62 acquires the
expansion characteristics of the column 10 against the
temperature, prestored in the memory of the thermal dis-
placement correction device 50. By so doing, itis possible
to respectively calculate the thermal elongations of the
column 10 on the basis of the temperatures measured
by the temperature sensors 12 arranged at the inspection
points and the coefficients of linear expansion of the col-
umn 10.

[0082] The correction value calculation unit 53 calcu-
lates a correction value Rz in the drive axis (Z axis) ver-
tical to the direction in which the saddle 20 moves. In the
machine tool 1 configured as in the case of the present
embodiment, when the column 10 that supports the sad-
dle 20 is deformed because of a thermal effect, the col-
umn 10 may be thermally deformed such that the direc-
tion in which the saddle 20 moves is curved in the Z axis
direction. In such a case, by calculating a correction value
Rz in the Z axis direction, the correction unit 54 sets the
Z axis, perpendicularto the drive axis (Y axis) along which
the saddle 20 is driven, as a correction target, and may
correct the command position in the Z axis. In this way,
by incorporating the correction value Rz, it is possible to
perform appropriate thermal displacement correction.
[0083] Inaddition, a thermal effect on the machine tool
1 is assumed as a thermal effect on the sliding face 10a
of the column 10, that occurs because of movement of
the saddle 20. The column 10 thermally expands and
deforms because of a thermal effect, such as machining
with the machine tool 1 and a variation in environment
temperature. Particularly, heat generation resulting from
movement of the saddle 20 supported by the column 10
significantly influences thermal deformation of the col-
umn 10. Then, it is assumed that a thermal effect on the
machine tool 1 is a thermal effect on the sliding face 10a
of the column 10 on which the saddle 20 moves. By so
doing, the deformed shape of the column 10 may be ap-
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proximated to a curve using the sliding face 10a. Thus,
a correction value Rz intended for the sliding face 10a is
calculated to make it possible to perform further appro-
priate thermal displacement correction.

Second Embodiment

[0084] A thermal displacement correction device for a
machine tool 1 according to a second embodiment will
be described with reference to FIG. 6 to FIG. 8. FIG. 6
is a block diagram that shows a thermal displacement
correction device 150. FIG. 7 is an explanatory view of
calculation of correction values. FIG. 8 is a partially en-
larged view of FIG. 7. Here, the second embodiment dif-
fers from the first embodiment in a method of calculating
thermal displacement positions of inspection points in
the inspection point positional information acquisition
step for thermal displacement correction. The other con-
figuration is substantially similar to that of the first em-
bodiment, so the detailed description is omitted.

[0085] As shown in FIG. 6, an inspection point posi-
tional information acquisition unit 160 of the thermal dis-
placement correction device 150 according to the present
embodiment has a thermally-displaced inclination acqui-
sition unit 164, a thermal elongation acquisition unit 62
and a thermal displacement position calculation unit 163.
The thermally-displaced inclination acquisition unit 164
is thermally-displaced inclination acquisition means for
acquiring thermally-displaced inclinations of inspection
points after the column 10 that is the support member is
thermally deformed. In addition, the thermal displace-
ment position calculation unit 163 is thermal displace-
ment position calculation means for calculating thermal
displacement positions of the inspection points on the
basis of displacement trajectories (described later) and
thermally-displaced inclinations of the inspection points.
[0086] In thermal displacement correction performed
by the thermal displacement correction device 150, first,
as in the case of the first embodiment, in an inspection
point positional information acquisition step, thermal dis-
placement positions of the inspection points are ac-
quired. Therefore, in a thermally-displaced inclination ac-
quisition step, thermally-displaced inclinations of the in-
spection points are acquired. That is, the thermally-dis-
placed inclination acquisition unit 164 of the inspection
point positional information acquisition unit 160 inputs
the inclination angles of the column 10 at the displace-
ment points Pa2 and Pb2 from the clinometers 11. In
addition, the thermally-displaced inclination acquisition
unit 164 constantly acquires the inclination at the refer-
ence inspection point Po as zero.

[0087] Subsequently, in a thermal elongation acquisi-
tion step, the thermal elongations of the column 10
through thermal deformation are detected. Therefore, the
thermal elongation acquisition unit 62 of the inspection
point positional information acquisition unit 160 inputs
the temperatures measured at the displacement points
Pa2, Pb2 and Po from the temperature sensors 12. Fur-
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thermore, the thermal elongation acquisition unit 62 ac-
quires the expansion characteristics of the inspection
points of the column 10, prestored in the memory of the
thermal displacement correction device 50. Then, as
shown in FIG. 6, the thermal elongation acquisition unit
62 detects thermal elongations AHa and AHb between
before and after the column 10 is thermally deformed on
the basis of the temperatures and expansion character-
istics of the displacement points.

[0088] Subsequently, in a thermal displacement posi-
tion calculation step, the positions of the displacement
points Pa2, Pb2 and Po in accordance with thermal de-
formation of the column 10 are calculated. Therefore, the
thermal displacement position calculation unit 163 of the
inspection point positional information acquisition unit
160 acquires displacement trajectories of the firstinspec-
tion point Pa1 and second inspection point Pb1. Then,
the thermal displacement position calculation unit 163
calculates the displacement points Pa2, Pb2 and Po that
are thermal displacement positions of the inspection
points on the basis of the thermally-displaced inclinations
of the inspection points and the acquired displacement
trajectories. The displacement trajectories of the inspec-
tion points are the trajectories of the inspection points as
the column 10 is thermally deformed from a state where
the column 10 is not thermally deformed, and each are
preset on the basis of a temperature, a thermal elonga-
tion, or the like.

[0089] As described above, the thermal elongation of
the column 10 varies with the coefficient of linear expan-
sion of the material. Therefore, deformed shapes at pe-
ripheral portions around the set inspection points in the
column 10 may be estimated by the thermal elongations
that vary with the temperatures of those portions. Then,
the memory of the thermal displacement correction de-
vice 50 prestores the displacement trajectories of the in-
spection points in accordance with thermal deformation
of the peripheral portions for thermal elongations. Then,
the thermal displacement position calculation unit 163
acquires displacement trajectories Orba and Orbb cor-
responding to the thermal elongations AHa and AHb de-
tected by the thermal elongation acquisition unit 62.
[0090] Here, the column 10 is thermally deformed in a
curved shape because of a thermal effect, so the dis-
placement trajectory of each inspection point also draws
a curve similarly. Then, as shown in FIG. 7, the thermal
displacement position calculation unit 163 sets point Pae,
to which the first inspection point Pa1 is moved by the
thermal elongation AHa, as the start point of the acquired
displacement trajectory Orba. Then, the thermal dis-
placement position calculation unit 163 obtains a posi-
tion, to which the acquired inclination a of the firstinspec-
tion point Pa1 is tangent, on the displacement trajectory
Orba.

[0091] The thermal displacement position calculation
unit 163 calculates the thus obtained tangent point as
the displacement point Pa2 that is the thermal displace-
ment position of the first inspection point Pa1. Similarly,
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point Pbe, to which the second inspection point Pb1 is
moved by the thermal elongation AHb, is set as the start
point of the acquired displacement trajectory Orbb, and
then a position, to which the inclination of the displace-
ment point Pb2 is tangent, is obtained. By so doing, the
position of the displacement point Pb2 that is the thermal
displacement position of the second inspection point Pb1
is calculated.

[0092] Then, in an approximate curve calculation step,
the approximate curve C of the deformed shape of the
column 10 is calculated. That is, the approximate curve
calculation unit 52 calculates a curve of the second order
that passes through all the displacement points Pa2, Pb2
and Po that are the thermal displacement positions of
the inspection points. The approximate curve calculation
unit 52 sets the calculated curve of the second order as
the approximate curve C of the column 10. The following
steps in thermal displacement correction are substantial-
ly similar to those of the first embodiment, so the descrip-
tion is omitted.

[0093] Withthe above described thermal displacement
correction device 50 for a machine tool 1, similar advan-
tageous effects to those of the first embodiment are ob-
tained. In addition, the thermal displacement position cal-
culation unit 163 calculates the displacement points Pa2
and Pb2 that are the thermal displacement positions of
the inspection points on the basis of inclinations and dis-
placement trajectories. By so doing, it is possible to cal-
culate the thermal displacement positions of the inspec-
tion points with further high accuracy.

Alternative Embodiments to First and Second Embodi-
ments

[0094] In the first and second embodiments, the ther-
mal displacement correction devices 50 and 150 for a
machine tool 1 detect the thermal elongations on the ba-
sis of the temperatures measured by the temperature
sensors 12 arranged at the inspection points in the ther-
mal elongation acquisition step. In contrast to this, it may
also be configured such that strain sensors are arranged
at the inspection points and the thermal elongations are
detected on the basis of strain amounts measured by the
strain sensors. The strain sensors may be, for example,
strain gauges of which the internal resistance values vary
as the column 10 elongates or contracts and that meas-
ure strain amounts on the basis of the variations in the
resistance values. Then, in the thermal elongation acqui-
sition step, strain amounts in accordance with thermal
deformation of the column 10 are measured, and the ther-
mal elongations of the column 10 may be detected on
the basis of the strain amounts.

[0095] Alternatively, it may also be configured such
that range sensors are arranged on the bed 2 of the ma-
chine tool 1 and thermal elongations are detected on the
basis of distances to the inspection points, measured by
the range sensors. When the column 10 is deformed be-
cause of a thermal effect on the machine tool 1, the col-
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umn 10 thermally deforms with reference to the bed 2 on
which the column 2 is supported. That is, distances to
the displaced inspection points are measured by the
range sensors arranged on the reference bed 2 to thereby
make it possible to detect the thermal elongations of the
column 10 between before and after thermal deforma-
tion. In this way, the thermal elongation acquisition step
may be configured to detect thermal elongations with var-
ious means instead of the temperature sensors 12. In
this case as well, similar advantageous effects to those
of the first embodiment are obtained.

[0096] In addition, in the first and second embodi-
ments, the inspection points are set at three portions in
the column 10. In contrast to this, at least four or more
inspection points may be set in the column 10 that is the
supportmember. The approximate curve calculation step
requires at least three inspection points in order to ap-
proximate a deformed shape to a curve because the col-
umn 10 is thermally deformed in a curve shape. In addi-
tion, when the approximate curve calculation step is, for
example, configured to calculate the approximate curve
C through the method of least squares, or the like, the
approximate curve formed of a curve of the second order
may be calculated on the basis of the four or more thermal
displacement positions. By so doing, the approximate
curve C that is further approximated to the deformed
shape of the column 10 may be calculated. Thus, an ap-
propriate correction value Rz may be calculated, so it is
possible to perform thermal displacement correction with
further high accuracy.

[0097] Furthermore, the correction value calculation
step may be configured to further calculate a correction
value in the drive axis (Y axis) parallel to the direction in
which the saddle 20 moves. Here, when the column 10
is thermally deformed such that the direction in which the
saddle 20 moves is curved, it may be required to also
correct the command position of the saddle 20 based on
the command values from the control device 50. In such
a case, for example, the correction value Ry in the Y axis
is further calculated on the basis of the thermal elonga-
tions AHa and AHb of the inspection points to thereby
make it possible to correct the command position in the
Y axis that is the direction in which the saddle 20 moves.
In this way, the correction value Ry for the direction in
which the saddle 20 moves is appropriately incorporated
to thereby make it possible to further appropriately per-
form thermal displacement correction.

[0098] In the first and second embodiments, the de-
scription is made on the assumption that a thermal effect
on the machine tool 1 is a thermal effect on the sliding
face 10a of the column 10, that occurs because of move-
ment of the saddle 20. In addition, a thermal effect on
the machine tool 1 is conceivably the rotations of the axis
motors and spindle motor through machining with the
machine tool 1, a variation in environment temperature,
heat generation on the sliding faces, or the like. Thus,
when the column 10 thermally deforms because of these
thermal effects, a reference position used for curve ap-



25 EP 2 537 631 A1 26

proximation may be appropriately set in the column 10.
Thus, measures are taken against various thermal ef-
fects, so it is possible to further appropriately perform
thermal displacement correction.

[0099] In addition, the description is made on the as-
sumption that thermal displacement correction is per-
formed for thermal deformation of the column 10 that is
the support member. In contrast to this, as long as a
member that supports the tool 33 or the workpiece W
and that is thermally displaced because of a thermal ef-
fect on the machine tool 1, the thermal displacement cor-
rection method of the invention may be applied. Other
than that, the machine tool 1 is described by taking the
three-axis machining center as an example. In contrast
to this, the machine tool 1 may be, for example, five-axis
machining center additionally having rotation axes (A and
B axes). With the above configuration as well, similar
advantageous effects are obtained.

Claims

1. Athermal displacement correction method for a ma-
chine tool, that includes a support member and a
movable member that is movably supported by the
support member and that moves with respect to the
supportmember on the basis of a command position,
characterized by comprising:

an inspection point positional information acqui-
sition step of, after the support member is ther-
mally deformed, acquiring thermal displace-
ment positions of at least three inspection points
set on the support member;

an approximate curve calculation step of calcu-
lating an approximate curve of a deformed
shape of the support member after the support
member is thermally deformed on the basis of
the thermal displacement positions of the in-
spection points;

a correction value calculation step of calculating
a correction value for the command position on
the basis of the command position of the mov-
able member and the approximate curve; and
a correction step of correcting the command po-
sition of the movable member using the correc-
tion value.

2. The thermal displacement correction method for a
machine tool according to claim 1, wherein
the inspection point positional information acquisi-
tion step includes:

an inclination variation acquisition step of ac-
quiring inclination variations of thermally-dis-
placed inclinations of the inspection points after
the support member is thermally deformed with
respect to reference inclinations of the inspec-

10

15

20

25

30

35

40

45

50

55

14

tion points before the support member is ther-
mally deformed;

a thermal elongation acquisition step of acquir-
ing thermal elongations that are thermally-dis-
placed lengths of the support member from a
reference position of the support member to the
inspection points after the support member is
thermally displaced with respect to reference
lengths of the support member from the refer-
ence position to the inspection points before the
support member is thermally deformed; and
athermal displacement position calculation step
of calculating the thermal displacement posi-
tions of the inspection points on the basis of the
inclination variations and the thermal elonga-
tions at the inspection points.

The thermal displacement correction method for a
machine tool according to claim 1, wherein

the inspection point positional information acquisi-
tion step includes:

a thermally-displaced inclination acquisition
step of acquiring thermally-displaced inclina-
tions of the inspection points after the support
member is thermally deformed;

a thermal elongation acquisition step of acquir-
ing thermal elongations that are thermally-dis-
placed lengths of the support member from a
reference position of the support member to the
inspection points after the support member is
thermally displaced with respect to reference
lengths of the support member from the refer-
ence position to the inspection points before the
support member is thermally deformed; and
athermal displacement position calculation step
of presetting displacement trajectories of the in-
spection points from a state where the support
member is not thermally deformed in accord-
ance with thermal deformation of the support
member and calculating the thermal displace-
ment positions of the inspection points on the
basis of the displacement trajectories and the
acquired thermally-displaced inclinations.

The thermal displacement correction method for a
machine tool according to claim 1, wherein
one of the inspection points set on the support mem-
ber is a support point at which the support member
is supported on a bed of the machine tool.

The thermal displacement correction method for a
machine tool according to claim 2 or 3, wherein
one of the inspection points set on the support mem-
ber is a support point at which the support member
is supported on a bed of the machine tool, and

the thermally-displaced inclination of the support
point is acquired as a constant value.
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The thermal displacement correction method for a
machine tool according to any one of claims 2, 3 and
5, wherein

in the thermal elongation acquisition step, the ther-
mal elongations are acquired on the basis of tem-
peratures of the support member, measured by tem-
perature sensors arranged at the inspection points.

The thermal displacement correction method for a
machine tool according to any one of claims 2, 3 and
5, wherein

in the thermal elongation acquisition step, the ther-
mal elongations are acquired on the basis of strain
amounts of the support member, measured by strain
sensors respectively arranged at the inspection
points.

The thermal displacement correction method for a
machine tool according to any one of claims 2, 3 and
5, wherein

in the thermal elongation acquisition step, the ther-
mal elongations are acquired on the basis of distanc-
es to the inspection points, measured by range sen-
sors arranged on a bed of the machine tool.

The thermal displacement correction method for a
machine tool according to any one of claims 1 to 8,
wherein

at least four or more of the inspection points are set
on the support member.

The thermal displacement correction method for a
machine tool according to any one of claims 1 to 9,
wherein

in the correction value calculation step, a correction
value for the command positionin a drive axis vertical
to a direction in which the movable member moves
is calculated.

The thermal displacement correction method for a
machine tool according to claim 10, wherein

in the correction value calculation step, a correction
value forthe command positionin adrive axis parallel
to the direction in which the movable member moves
is further calculated.

The thermal displacement correction method for a
machine tool according to any one of claims 1 to 11,
wherein

a thermal effect on the machine tool is a thermal
effect on a sliding face of the support member due
to movement of the movable member.

A thermal displacement correction device for a ma-
chine tool, that includes a support member and a
movable member that is movably supported by the
support member and that moves with respect to the
supportmember on the basis of a command position,
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characterized by comprising:

inspection point positional information acquisi-
tion means for, after the support member is ther-
mally deformed, acquiring thermal displace-
ment positions of at least three inspection points
set on the support member;

approximate curve calculation means for calcu-
lating an approximate curve of a deformed
shape of the support member after the support
member is thermally deformed on the basis of
the thermal displacement positions at the in-
spection points;

correction value calculation means for calculat-
ing a correction value for the command position
on the basis of the command position of the mov-
able member and the approximate curve; and
correction means for correcting the command
position of the movable member using the cor-
rection value.
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